other than that occurring with myeloma have not been considered, nor have malignant disorders of the thymus.
The wide variety of non-metastatic neurological syndromes which occur in association with carcinoma have also been described in the reticuloses. In classifying these complications Brain and Adams (1965) include conditions with well-known causes and effects, for example, encephalopathy and muscular weakness due to hypercalcaemia, haemorrhage due to thrombocytopenia and infections due to depressed immunological reactivity; such conditions are considered in a separate communication (Currie and Henson, 1970) . The present paper covers the complications of obscure origin of which the following are the important types: progressive multifocal leucoencephalopathy (PML), cerebellar degeneration, encephalomyelitis with or without sensory neuropathy (posterior root ganglionitis), peripheral neuropathy and muscular disorders, notably polymyositis. In addition to these clear-cut entities there are other syndromes which investigation including histopathological examination does not always clarify. These include confusional episodes, epilepsy, focal cerebral and spinal syndromes and ophthalmic disorders, such as papilloedema and optic neuritis; some of these were reported in the reticuloses by Hutchinson et al. (1958) .
Descriptions of these syndromes in association with the reticuloses have been contained mostly in case reports; few total estimates of incidence have been made. Two major surveys are those of Williams et al. (1959) and Labauge et al. (1963) , while Silverstein and Doniger (1963) studied myeloma fully. The following review of the literature is not intended to be comprehensive. PML (Astrom et ah, 1958 ) is commonly linked with disorders of the reticulo-endothelial system (Richardson, 1961) . It has been described in myeloma (Bethlem et al., 1964 ), Hodgkin's disease (Astrom et al., 1958) , lymphosarcoma (Lloyd and Urich, 1959) , chronic lymphatic leukaemia (Astrom et al., 1958) , chronic myeloid leukaemia (Richardson, 1961) and polycythaemia vera (D'Agostino et al, 1963) . Cerebellar degeneration has occurred In Hodgkin's disease, both isolated (Rewcastle, 1962) and with myelopathy and neuropathy (Brain and Wilkinson, 1965) . Encephalomyelitis has been recorded in Hodgkin's disease (Walton et al., 1968) while Mannes et al. (1965) noted the occurrence of the "Denny-Brown type of sensory neuropathy" in a patient with the same reticulosis. Hutchinson et al. (1958) and Williams et al. (1962) reported examples of myelopathy in persons with Hodgkin's disease and lymphosarcoma respectively. Amyotrophic lateral sclerosis was described in Hodgkin's disease by Rowland and Schneck (1963) while Brain et al. (1965) mentioned a condition resembling motor neuron disease in a patient with reticulum cell sarcoma. In myeloma Victor et al. (1958) delineated a peripheral neuropathy which was not due to malignant infiltration or amyloidosis. Peripheral neuropathy has also occurred in reticulum cell sarcoma (Rowland and Schneck, 1963 ), Hodgkin's disease (Hutchinson et al., 1958; Asbury et al., 1969) and in lymphosarcoma (Williams et al., 1959) . The myasthenic syndrome associated with oat cell carcinoma of the lung (Henson et al., 1954; Lambert et al., 1956) has been found in reticulum cell sarcoma (Rooke et al., 1961) .
Optic neuritis has been reported in Hodgkin's disease, lymphosarcoma and leukaemia (Hutchinson et al., 1958; Kraus and O'Rourke, 1963) . Polymyositis or dermatomyositis has been encountered in myeloma (Curtis et al, 1952) , lymphosarcoma (Arapakis and Jordanoglou, 1964) , acute leukaemia (Evans and Hilton, 1964) and in a patient with Hodgkin's disease who subsequently developed PML (Deep et al., 1964) .
METHODS
The survey was conducted during the years 1962 to 1968. The notes were studied of every patient who was recorded in the hospital diagnostic index as suffering from a reticulosis and who was attending between 1957 and 1967; for myeloma all patients attending between 1949 and 1967 were considered. It is likely that a small number of cases was not disclosed by this method of retrieval, but the group is otherwise unselected.
Whenever necessary the primary diagnosis was confirmed by reference to biopsy specimens and post-mortem material. We excluded any case in which the presence of a reticulosis was in doubt. We saw 197 patients, 25 per cent of the 774 patients in the survey (Table IT) . 107 (14 per cent) were 
ambulant and free from neurological symptoms and were examined on an out-patient basis solely for the exclusion of asymptomatic disorders. 22 of these patients attended twice at an average interval of four years. No special investigations were undertaken unless the individual's condition warranted this. 90 patients (11 per cent) were referred to our department with neurological symptoms from local deposits or with associated disorders of clear-cut origin (Currie and Henson, 1970) . Table HI shows that most of the 197 patients seen were suffering from myeloma, reticulum cell sarcoma, Hodgkin's disease or lymphosarcoma. In these conditions the essentially negative findings in patients without symptoms made us curtail further survey of the other reticuloses. Those seen were representative of the whole series for sex and age (Table IT) ; they were longer living than average (Table HI) . In each disorder the mean age at onset of those seen did not differ from the mean age at onset for all. Table IV shows that overt neurological disorders of obscure origin occurred in 17 of 774 patients (2 per cent). The disorders represented 10 per cent of all neurological complications and 20 per cent of the associated disorders not due to local deposits (Currie and Henson, 1970) . In the patients developing these overt conditions the sex, age at onset and total duration of the individual reticulosis were comparable to those in all the patients with that particular reticulosis; the numbers involved are too small for this assertion to be statistically valid. The sex incidence of these neurological complications conformed to that in the parent group of patients (Table V) , though all 3 patients with PML were male. There was considerable variation in the duration of the reticulosis at the time of onset of neurological syndromes. 14 of the 17 patients were seen by one or more of us. 13 have died; in 8 of these neuropathological studies were adequate and confirmatory. In 2 of the remaining 5 patients local deposits were excluded while in the other 3 the clinical features made the presence of these unlikely. PML, peripheral neuropathy and polymyositis were the only disorders encountered; of these, peripheral neuropathy was the most common. Cerebellar degeneration, encephalomyelitis, sensory neuropathy (posterior root ganglionitis), myasthenic syndrome and unexplained ophthalmic disorders did not occur; examples of some of these conditions have been seen in association with reticuloses at the London Hospital but not during the years of the survey.
RESULTS
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Asymptomatic Cases
We found remarkably few neurological disorders of obscure origin occurring without symptoms. Apart from the 14 patients seen on account of overt disorders and described above we examined 183 patients and among these the incidence was very low (1 per cent); indeed it was zero if we exclude 2 cases with signs of dubious significance. These are listed under the heading "Neuropathy" among the miscellaneous conditions (Table VI) and are described below. 
Progressive Midtifocal Leucoencephabpathy (PML)
All 3 cases of PML occurred in patients with lymphoproliferative disorders. That with Hodgkin's disease was reported by Cavanagh et al. (1959) and that with lymphosarcoma by Woodhouse et al. (1967) . The third case was that of a man with chronic lymphatic leukaemia who developed a left homonymous hemianopia with an organic confusional state; at autopsy, four months later, the characteristic neuropathological changes were found.
Peripheral Neuropathy
The clinical, electrodiagnostic and neuropathological findings generally conformed with those described in previous accounts from this department (Croft et al., 1967; Henson and Urich, 1968) .
(a) Myeloma.-There were histopathological peculiarities in 2 of the 4 cases of peripheral neuropathy and myeloma, and these will be described independently by Dayan and Urich (1970) . In both, the neuropathy occurred late in the course of the primary disease and was accompanied by uraemia terminally. Clinically the neuropathy was largely motor. A third patient presented with a chronic progressive sensorimotor neuropathy affecting all four limbs. Investigation showed an isolated deposit of myeloma in the tenth dorsal vertebra. Post-mortem examination confirmed that this was solitary; the nerve roots and peripheral nerves were not adequately studied. The fourth patient had a mild sensory neuropathy lasting one month; she died three months later, no autopsy being performed.
(b) Hodgkin's disease.-Two of the patients with Hodgkin's disease and peripheral neuropathy have died; post-mortem examination was carried out in one case, but the nerve roots and peripheral nerves were not examined, while in the other there was no autopsy. The first patient developed terminally a subacute, sensorimotor neuropathy; the other showed marked weakness of the extensors of the wrists and fingers, with abolition of tendon reflexes. A third patient developed an acute, severe attack of sensorimotor peripheral neuropathy, with a raised protein content in the cerebrospinal fluid. She made a complete recovery and the disorder can reasonably be taken as an example of the Guillain-Barre" syndrome. At the time she was in the tenth year of generalized Hodgkin's disease which was quiescent.
(c) Other reticuloses.-A patient with lymphosarcoma developed painless weakness of the lower limbs with loss of tendon reflexes six months prior to death; no pertinent investigations and no autopsy were performed. A woman with chronic lymphatic leukaemia has had a chronic sensorimotor neuropathy for five years; she is still alive. Another woman, with chronic myeloid leukaemia, developed a chronic, predominantly motor neuropathy in the late stages of her disease. A man with polycythaamia vera has had persistent paraesthesiae in the extremities for five years, and his tendon reflexes are absent; he remains alive.
Polymyositis
There were two examples of polymyositis with Hodgkin's disease. In one case the diagnosis was confirmed by muscle biopsy. The other patient, who has a history of long-standing, mild rheumatoid arthritis, developed a proximal' myopathy with dysphagia three months after the diagnosis of Hodgkin's disease was made. Muscle biopsy was normal but the clinical diagnosis was certain; the patient is still alive. The third patient had acute myeloblastic leukaemia. Shortly after this was found he developed dermatomyositis with extensive cutaneous lesions and severe, painful muscular weakness; there was also sensory loss in the upper limbs and electromyography suggested both neuropathic and myopathic lesions. Post-mortem revealed gross, generalized myositis; adequate specimens of peripheral nerves were not obtained for examination.
Miscellaneous Neurological Syndromes
Table VI details 10 cases of neurological syndromes which could not be classified. 7 of the 10 patients were seen by one or more of us; in only one were relevant pathological studies undertaken.
Encephalopathy.-4 cases are listed under this term. In all 4 the results of investigations such as electroencephalography, neuroradiological studies and estimation of serum calcium were negative or non-contributory. The first case was that of a man who developed a progressive left thalamic hemiplegia; he was found on biopsy of axillary nodes to have reticulum cell sarcoma. Investigations have not revealed the cause of his neurological complaint, which continues to disable him six years after onset. Secondly, a woman with lymphosarcoma, in whom leukaemia had supervened, developed mental retardation with bilateral signs of corticospinal disorder; she died six months later and no autopsy was done. The third patient was a man with lymphosarcoma who developed a confusional state with pyrexia; this remitted with steroid therapy. At post-mortem eighteen months later the brain was not examined. The last case was that of a man with acute myeloblastic leukaemia who suffered left-sided focal motor seizures followed by progressive left hemiparesis; histological examination of the brain revealed no abnormality.
Neuropathy.-2 of the 3 cases listed under this heading were those of the 2 patients without symptoms in whom signs were found when they were examined as part of the survey. One showed asymptomatic proximal muscular wasting and diminution of the ankle tendon reflexes. He later developed fatal uraemia from benign prostatic disease; at autopsy the peripheral nerves were not examined. The other patient had lymphosarcoma and was found to have diminished tendon reflexes in the lower limbs; he remains alive. We regard the findings in both these patients as of doubtful significance in themselves and in the context of the survey as a whole. A patient with chronic lymphatic leukaemia was noted to be areflexic ten years prior to death; she was not seen by us.
Myopathy.-The 3 patients with myopathy were all women, 2 with Hodgkin's disease and 1 with chronic lymphatic leukaemia; each developed generalized wasting and weakness when in the terminal stage of the primary disorder. This cachectic myopathy, while a common occurrence in malignancy, is unlikely to be specific (Henson et al, 1954; Hildebrand and Coers, 1967) .
DISCUSSION
Separation of the disorders which may be associated with neoplasia (non-metastatic or "paraneoplastic" syndromes) into those of known and those of obscure aetiology is arbitrary and provisional. The latter group will inevitably diminish with increasing knowledge, thus PML might even now be classified as a viral infection since the finding of particles in glial cells (Zu Rhein and Chou, 1965; Silverman and Rubinstein, 1965) . The difficulties in classification are reflected in the lack of a satisfactory generic term to describe the whole group. The joint consideration of the assortment of disorders of obscure origin is justified as it highlights the problems of aetiology in these conditions, both in association with neoplasia and in isolation. Immunological factors may be important in all the neurological syndromes in the group; of the three types found in our patients, PML may prove to be due to viral action allowed by reduced immunological reactivity (Richardson, 1961) while some types of peripheral neuropathy may be due to lymphocyte-mediated hypersensitivity (Asbury et al, 1969; Knowles et al, 1969) as may polymyositis .
We have found an incidence of 2 per cent for overt disorders; the figure rises to 3 per cent if the 10 cases of miscellaneous unclassifiable conditions are added, but this is unjustified. This incidence and the figures for individual syndromes in the different reticuloses are comparable to those given in the previously published surveys of large numbers of patients (Williams et ah, 1959; Silverstein and Doniger, 1963) . The rarity of these disorders in patients with reticuloses and their occurrence in isolation from them does not necessarily rule out a causal relationship; indeed, in PML at least the evidence suggests one.
Turning to the three individual disorders which we have found, PML, peripheral neuropathy and polymyositis, a survey of the literature suggests that these may be relatively more common in the reticuloses than others such as cerebellar degeneration and myelopathy. As Richardson (1961) has pointed out, most patients who develop PML have underlying disease of the reticulo-endothelial system. In only 1 of our 4 patients with myeloma who developed peripheral neuropathy was this the chronic sensorimotor neuropathy described by Victor et al. (1958) . The neuropathy of the Guillain-Barr6 syndrome resolved in the case of our patient with Hodgkin's disease unlike that in a case reported by Asbury et al. (1969) . One of the 3 patients with polymyositis had skin manifestations sufficient for the condition to be called dermatomyositis. The case of the patient with Hodgkin's disease and polymyositis developing against a background of rheumatoid arthritis raises the possibility that the association of reticulosis and neurological syndrome was coincidental. The peripheral neuropathy in the 2 patients with myeloma who became urasmic appeared directly linked to the primary disorder both in the time-relationship and on pathological grounds (Dayan and Urich, 1970) .
The negative results of our search for asymptomatic disorders means that the incidence of neurological complications of obscure origin remains that for the overt disorders, namely 2 per cent. This figure contrasts sharply with those given by Croft and Wilkinson (1965) for carcinoma; they found an overall incidence for overt and asymptomatic disorders of 14 per cent for carcinoma of the lung and 16 per cent for carcinoma of the ovary. Their most frequent finding consisted of proximal wasting without weakness, with or without loss of tendon reflexes; this was called "neuromyopathy." In the present survey the 2 patients in whom similar abnormalities were found are listed among the dubious cases under "Neuropathy" (Table VI) . Even if these findings are taken to represent significant neurological disorder, this gives an incidence of only 1 per cent (2 in 183 patients), no higher than that for similar abnormalities in the control patients of Croft and Wilkinson. The reticuloendothelial system is important immunologically and in many of the reticuloses there is an early derangement of immunological reactivity (Silver, 1963) . It is therefore remarkable that the incidence of these neurological disorders should be so much lower in the reticuloses than in carcinoma. However immunological factors may be only contributory, or even absent in the pathogenesis of some of these conditions. Both in the literature and in the present survey neurological syndromes have been recorded which were unexplained despite adequate clinico-pathological investigation. Prominent among these have been cerebral disorders, noted by Hutchinson et al. (1958) and Williams et al. (1959) . In addition to the case with acute leukaemia labelled as "Encephalopathy" (Table VI) we have seen a man of 21 years with Hodgkin's disease too recently for the case to be included in this survey. He presented with epilepsy and a hemiplegia which resolved over weeks; at autopsy only a cortical scar was found.
There are obvious limitations to clinical examination as a means of detecting occult neurological disorders; however it is doubtful if additional procedures such as electrodiagnosis or biopsy would significantly increase the incidence of definable disorders. Certainly the results would bear little relevance to the problems of diagnosis and management in clinical practice. There are also limitations to retrospective surveys; gaps left by inadequate documentation and investigation cannot be filled later. These strictures apply to the present work; however the particular interest of the Neurological Department in the non-metastatic complications of neoplasia is well known within the hospital and this has helped to reduce the defects.
The present survey forms a counterpart to the studies on carcinoma by Croft and Wilkinson at this hospital and completes our clinical work on the incidence of remote effects of neoplasia on the nervous system. The dividend deriving from further clinical studies of this type would appear small, and the focus of attention must shift to the laboratory. The immunological aspects of these neurological disorders form one of the more promising avenues for further research; indeed this has been proceeding in our unit. It is to be hoped that through the association of these conditions with neoplasia information will be forthcoming on their pathogenesis in general.
CONCLUSIONS
Nonmetastatic neurological disorders of obscure origin occurred in 2 per cent of 774 patients with reticuloses; they comprised progressive multifocal leucoencephalopathy, peripheral neuropathy and polymyositis. Asymptomatic neurological disorders were found in 2 patients (1 per cent of 183 patients without overt disorders of this type who were examined); in both instances the findings were of dubious significance. The possible role of immunological mechanisms in the pathogenesis of the disorders discussed are currently under study.
